We investigate a double extension to the Standard Model (SM). A first extension introduces, via minimal coupling, a massive Z ′ boson. This enlarged SM is coupled to a dark matter sector through the Stueckelberg mechanism by a A ′ boson.
The Lagrangian density of the model
The SM electro-weak gauge group is extended from SU(2) L ⊗ U(1) Y to SU(2) L ⊗ U(1) Y ⊗ U(1) C ⊗ U(1) X . The model lagrangian density that represents this gauge group is written in a general form as a sum of
where the enlarged Standard Model (eSM) part is defined by
which represents a modified SM, obtained by introducing a new U(1) boson field C µ and the field tensor C µν = ∂ µ C ν − ∂ ν C µ . This field is coupled to the other SM bosons in the covariant derivative [1] 
where Φ is the usual Higgs field. The Stueckelberg dark sector lagrangian is written as [2]
where the new U(1) vector boson in the dark sector is X µ with its field tensor (4) is the Stueckelberg coupling term between the two boson fields C µ and X µ via an axial pseudo-scalar σ field. The σ field is unphysical and decouples from all fields after gauge fixing. The last term L χ is a general fermion term of the dark sector. This type of model was first proposed by Ref. [3] , but with just one dark field, and was applied as well in Ref. [4] . Using this full Lagrangian (1) and taking into account just the terms that contribute to the bosons masses, we obtain
where
) and the mass matrix is
It is interesting to note that a new orthogonal matrix O can be obtained such that it diagonalizes (6) and transforms the basis from the unphysical fields X µ , C µ , B µ , W 
Mass Determination
After diagonalizing the matrix (6) we obtain 4 mass eigenvalues. They are
We identify the masses with the Z and Z ′ bosons masses. One of the zero eigenvalues can be associated, as usual, to the photon and the other one to a new massless boson, which we shall call a dark photon A ′ . The Z mass can be expanded in terms of g c , this introduces a correction that rises this mass value by small quantity ǫ defined as
M W = M Z 1 − sin 2 θ W and sin 2 θ W = 0.231 [5] . We can compare this correction with the uncertainty in the value of Z mass, M Z = 91.1876 ± 0.0021GeV [5] . For parameter ajustments, we set the Z ′ mass in two values [3] : M Z ′ = 250 GeV and M Z ′ = 375GeV, then vary the δ parameter over the range 0 ≤ δ ≤ 1. The possible values for these parameters are shown in the figure 1. The possible values for g c are acceptable considering that this range of values is smaller than the usual values for g 2 and g y , turning the term associated with the field C µ very small, as expected. The next steps are to calculate decays and annihilations of particles from dark side into known particles.
